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1. Introduction 
In this review we outline the range of functional processes involved in language 
comprehension and their anatomical underpinnings, including recent data on neural 
connectivity specifically wired for language, using magnetic resonance imaging (MRI) as 
main tool. A review of this type certainly implies such a large number of references that, for 
the sake of concision, we have selected the most outstanding and representative studies and 
reviews. Our interests in identifying possible cues for the evolutionary origins of language 
partially guided this selection; this review is actually intended as a contribution to better 
understand human language. 
To start with, a description of language and its components appears necessary. In this 
regard, we will follow the proposal by Ray Jackendoff (2002), who provides one of the most 
comprehensive and valuable current accounts from the linguistics. Jackendoff proposes at 
least three structural layers in language, all of them working simultaneously in the 
processing of every utterance. These layers consist of a phonological structure, a syntactic 
structure, and a semantic/conceptual structure. Additionally, a number of processes -or 
subprocesses- coexist within each of these three structures, all of them again working 
simultaneously.  
The phonological structure, which roughly refers to the “sounds” of language, is probably 
the most complex one, containing the largest number of subprocesses. The auditory-
verbal nature of human language may not be alien to this complexity. The phonological 
structure is actually subdivided into a prosodic one -referring to the different intonations 
along the course of a general envelope covering an entire utterance- and more partial 
processes referring to syllabic, segmental, and morpho-phonological structures. These latter 
three structures refer to what most people would call “phonology” as such, and roughly 
cover the sounds of single syllables, larger word segments, and complete words, 
respectively.  
Syntax refers to the structure of a sentence; that is, the way in which the different words 
or morphemes constituting a sentence are organized -most often hierarchically-, 
determining their mutual relationships and dependencies. The hierarchical structure 
achieved by syntax establishes what the main information is and its relationships with 
other, secondary items of information; that is, the concrete state of affairs described in an 
utterance in which the meaning of individual words and morphemes combine. This 
structure appears “desemantized”, i.e., it can be entirely independent of the individual 
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meanings of its constituents, as in the classical example by Chomsky: “Colorless green ideas 
sleep furiously”. 
The semantic/conceptual structure of a linguistic utterance is probably the most central one. 
Indeed, the main aim of processing any linguistic message, regardless of its syntactic 
structure and transmission modality, is the realization of this semantic structure. This 
basically consists on the “meaning” of any whole sentence, that is, what it specifically 
means, or the idea in the mind of the speaker that she wants to elicit in the mind of the 
hearer. Although this information largely relies on syntax and phonology, the 
semantic/conceptual structure is completely independent of them –the same idea can 
actually be transmitted using the two other structures in many ways-. Although single 
words or morphemes in isolation convey semantic/conceptual information, the combination 
of these individual meanings by means of syntax, which in turn is achieved by means of 
phonology, gives place to a different, very specific meaning or semantic structure describing 
a concrete and detailed situation. It is not clear, however, to which extent the 
semantic/conceptual structure belongs to language as such, or whether it is a general 
process, common to other input options such as the non-linguistic interactions between the 
individual and her environment. In this regard, several authors still distinguish between 
semantic aspects specific of language and general semantic aspects common to any domain, 
and this distinction is particularly applicable at the level of the meaning of single words or 
morphemes. However, the distinction between semantics for language and general 
semantics appears difficult to embrace from the neural perspective, as we will see. Whatever 
the case, the semantic structure taps into reality,  “space structure”, i.e., the events in the real 
world a linguistic message refers to.  
Semantics also applies to a layer not explicitly highlighted in Jackendoff’s proposal but 
playing a significant role in language comprehension: the discourse level. This level refers to 
the situation in which two or more sentences are comprehended together, i.e., it is the 
semantic analysis beyond sentences. Indeed, many of the phenomena involved at this level 
are even less language-specific than those at the other layers or structures. In a discourse, 
although the hearer is attempting to get the whole comprehension of a longer message, the 
final picture does not depend for the most part on what is actually heard or read but, rather, 
on inferences and logical relationships between the ideas transmitted linguistically. These 
relationships are indeed extra information added by the hearer and based on her previous 
knowledge of the world. Although this might not be “language” as such, language would be 
useless if this level is not achieved. 
All the processes described so far, i.e., the phonological, prosodic, syntactic, semantic, and 
discourse structures, may participate in sequential order –actually following this same order 
- or occur largely in parallel -mostly before the first 250 ms after stimulus onset 
(Pulvermüller et al., 2009b)-. In the literature, these two opposing views still remain. 
Whatever the case, the high degree of specialization and efficiency of the human brain for 
speech processing at all these levels is granted by most authors.  
The fact that language can be transmitted using other than the auditory/verbal modality, as 
in the sign languages of deaf people, or, more frequently, in written form, also deserves 
some consideration. Consequently, a few lines in this review will be devoted to written 
language. Overall, most authors would agree that the linguistic machinery in the brain is 
largely common to any modality, with notable exceptions appearing only when specific 
peripheral mechanisms are engaged during the emission or decoding of a given message.   
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2. The sounds of language 
Phonology has been less extensively studied using neuroimaging techniques than any other 
aspect of language. The perspective that phonology may not be as crucial in defining human 
language when compared to non-human forms of communication as other aspects of 
language, such as semantics or, particularly, syntax (Hauser et al., 2002), has probably 
biased the interests of the authors apart from this structure. However, human language is 
primarily an auditory-verbal process which, in turn, implies cerebral specializations at this 
level. On one hand, phonological aspects seem to be processed into specialized brain areas 
located within and around primary auditory ones (Brodmann Areas –BA- 41/42, Heschl’s 
gyrus). In this regard, there is evidence of the use of extensive regions within the superior 
temporal gyrus largely specialized for these functions. These regions are mostly bilateral, 
though some degree of left-lateralization also emerges. Accordingly, a very first step in the 
processing of phonological information seems to be localized very dorsally in the temporal 
lobe, in Heschl’s gyrus, where phonology would be already distinguished from non-
linguistic sounds (Price, 2000). Thereafter, an antero-lateral functional gradient starting in 
Heschl’s gyrus and progressing toward the temporal pole seems involved in further 
integrating heard sounds, identifying and distinguishing concrete phonological sounds such 
as familiar vowels against single formants (Leff et al., 2009). Additional data complete this 
picture by adding more ventral -middle temporal gyrus- and posterior areas of the left 
temporal lobe as involved as well in these functions (Specht et al., 2009). 
An additional specialization for auditory language processing refers to whole words. This is 
known as “word-form” analysis, which means that, rather than the processing of single 
phonemes or longer auditory segments, what is processed and identified at this level is the 
overall specific sound of an entire word; a holistic analysis. There seem to be specialized 
cortical regions for the integration of phonological sounds into these larger and unitary 
sound chains, these regions corresponding to auditory association areas in the left 
hemisphere. A possible candidate for this process seems to be Wernicke’s area. Its location 
next to primary auditory areas would favor such specialization. Wernicke’s area is normally 
located in the posterior part of BA 22 within the superior temporal gyrus and sulcus (Wise et 
al., 2001). There are other alternatives for the location of Wernicke’s area, however. Some of 
them spread the posterior part of BA 22 to also cover parts of BA 39 and 40 in the parietal 
lobe (Mesulam, 1998), whereas others locate Wernicke’s area at the unimodal auditory 
association areas in the superior temporal gyrus just anterior to the primary auditory cortex 
(Démonet et al., 1992) –then covering portions that have been already mentioned here as 
participating in lower-level phonological analyses-. Indeed, irrespective of whether these 
more anterior regions can be considered or not as belonging to Wernicke’s area, they have 
actually been claimed as the precise location for the “auditory word form area” (Cohen et 
al., 2004). Interestingly, however, it has been also claimed that there are no such specific 
cortical sites devoted to auditory word-form processing (Price et al., 2003; these authors also 
claim against a “visual word-form area” -see below-). 
In any event, the systemic nature of the brain becomes already patent even at these very 
primary stages of language comprehension. In other words, the perception of speech sounds 
would not be limited to the temporal auditory and surrounding cortical areas, but is also 
significantly involving frontal cortical regions and subcortical nuclei normally implied in 
production (i.e., motor) processes. Accordingly, in addition to the superior temporal cortex, 
the most posterior portions of the left inferior frontal regions -comprising parts of Broca’s 
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area-, the left basal ganglia, and even the (right) cerebellum, seem to play a crucial role in 
identifying the phonemes and sounds used during speech processing (Bozic et al., 2010). 
Although specific roles for these neural circuits have still to be elucidated, their involvement 
has been proposed as a mechanism to better process speech sounds regardless of large 
variability in the input, a way to internally produce those sounds as if the hearer herself 
were the emitter (Lieberman, 2000). Kotz and Schwartze (2010) stress that these regions, 
particularly the basal ganglia and the cerebellum, process timing variables crucial for 
speech. Overal, this is an example of the conjoint action of perceptual and motor brain 
systems in cognitive processing, as supported by direct evidences as the mirror neurons 
(Rizzolatti & Craighero, 2004). 
 
 
Fig. 1. Approximate locations of the phonological system 
If, overall, phonology has been scarcely studied by means of MRI, the case is still worse 
specifically for prosody, even if this type of auditory information may be as relevant as to 
determining the syntactic structure of a linguistic message (Snedeker, 2008). There is 
evidence of the involvement of right fronto-lateral cortical areas (fronto-opercular portions 
in the right inferior frontal gyrus ) and the right superior temporal regions in main analyses 
of prosody, as has been found when comparing normal speech and pseudo-speech (i.e., 
speech with normal prosodic intonations but devoid of known words) with degraded 
speech (e.g., Meyer et al., 2004). Even though, the role of the counterparts regions in the left 
hemisphere for the processing of prosodic information cannot be obliterated. A common 
circuit for language, music, and song perception comprising mid and superior temporal gyri 
as well as inferior and middle frontal gyri, all bilaterally, has been described (Schön et al., 
2010). It is true, nonetheless, that the main implication of either hemisphere appears a 
function of the phonological vs. melodical nature of the input material (corresponding to left 
vs. right side, respectively). 
3. The pictures of language 
As mentioned, language can also be visual (as well as gestural), even if this is not originally 
the “natural” modality for human language. The human brain exhibits a high degree of 
flexibility and adaptability, yielding high levels of efficacy in tasks to which it is most 
probably not genetically prepared; reading is an outstanding example in this regard. For a 
long time, the place in the brain for the “visual word-from area” has been the target of 
strong debates, even its existence has been put into doubt (Price et al., 2003). The angular 
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gyrus was originally proposed as playing this role by the very first (historical) 
neurolinguistic models, and indeed it has appeared as such occasionally in recent functional 
MRI (fMRI) studies (e.g., Bookheimer et al., 1995). However, the fact that this activation is 
not consistent, while this region seems better characterized as semantic, has encouraged 
researchers to look elsewhere. A number of studies locate this functional region into 
Wernicke’s area. But this activation is common to both visual and auditory words (Price et 
al., 2003) and, indeed, the most plausible functional characterization of Wernicke’s area as 
auditory associative is difficult to conform to a visual word-form area. Some portions of the 
occipito-temporal cortex appear as better candidates for this function. Specifically, the most 
outstanding in this regard is located within the fusiform gyrus and surrounding areas -such 
as the lingual gyrus- in the basal temporal cortex (Dehaene et al., 2002). Interestingly, these 
areas would be genetically prepared for the processing of faces and objects, these functions 
emerging as a result of natural selection. However, by virtue of education, a portion of these 
regions could turn into specifically devoted to the processing of letters and visual word-
forms (Dehaene, 2009). 
4. The structure of language 
Common to any input modality there are processes involved in understanding linguistic 
messages that appear of the highest interest. Syntactic processes may be among the most 
outstanding of these factors. As outlined above, syntax permits to determine the hierarchical 
structure of a sentence composed by a sequence of words (word-forms and their meanings). 
Studies in this regard have usually approached brain areas involved in syntactic processing 
using either of two procedures. On the one hand, the comparison between syntactically 
incorrect and correct material would enhance the activity of brain areas specialized in 
detecting grammatical errors. As an example, the activation during a sentence like “the cake 
was eat” is compared with its corresponding correct version. On the other hand, comparing 
grammatically complex sentences with simpler sentences would imply activations in areas 
particularly handling the complexity of syntactic structures and, hence, areas presumably 
involved in the hierarchical organization of the sentences. Complexity is usually increased 
either by embedding material within (e.g.) a main clause, rendering what is called a 
“recursive” structure, or by changing canonical order (usually, SVO: subject-verb-object) to 
a non-canonical one, as in the case of passive sentences. Examples of these situations imply 
comparing “the child that my mother saw was small” or “the cake is being eaten by the children”, 
respectively, with their corresponding simpler versions (i.e., “my mother saw a child; the child 
was small”, and “the children are eating a cake”). The case of complexity poses a problem on 
whether it is actually syntax what is being measured or, instead, working or short-term 
memory activations necessary to hold information active until the corresponding structural 
assignments are completed. However, it is also possible to accept that the brain areas 
specifically involved in working memory for syntactic structures in fact pertain to syntax 
processing properly, as it can be assumed that working memory for syntax implies the 
transient activation of circuits actually devoted to syntactic processing (e.g., Fuster, 1999; 
MacDonald & Christiansen, 2002). 
Overall, both types of approaches to the study of human syntax have been comparable, 
yielding largely similar results. As one of the most consistent findings, the left inferior 
frontal gyrus (IFG), emerges as a central place involved in syntactic errors detection, 
grammatical complexity processing, and verbal working memory (e.g., Bornkessel-
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Schlesewsky et al., 2009; Friederici et al., 2006; Friederici et al., 2009; Koelsch et al., 2009; 
Meltzer et al., 2010; Newman et al., 2009; Raettig  et al., 2010; Rogalsky et al., 2008). 
Accordingly, the left IFG can be viewed as a main hub in the brain networks supporting 
syntax.  
Nonetheless, IFG is a relatively extensive area, whereas syntactic rules and processes 
comprise a number of apparently different operations. In this regard, it seems that there are 
differential demands within specific portions of the left IFG as a function of the task in 
course. It is difficult, however, to condense the results from the different studies due to 
systematic inconsistencies in the criteria employed to describe their main results. In terms of 
Brodmann’s cytoarchitectonic areas, IFG occupies, approximately -and starting from a more 
posterior position next to the precentral sulcus towards a more anterior one, in the left 
hemisphere- the most inferior portion of BA6, the whole of BA 44, the inferior half of BA 45, 
and BA 47 (Gray, 1918/2000; Brodmann, 1909/1994). At the same time, the IFG can be 
anatomically subdivided, following the same spatial sequential order as before, into the pars 
opercularis, the pars triangularis and the pars orbitalis (Gray, 1998/2000). Whereas both the 
anatomical and the cytoarchitectonic divisions do not match largely, some studies adopt one 
system but not the other, and vice versa. Several studies refine their findings by focusing on 
Broca’s area, which certainly pertains to the left IFG. However, this is not solving the 
problem since there are also historical inconsistencies about what exactly are the boundaries 
of Broca’s area. In this regard, Broca’s area corresponds to BA 44 for a number of authors; 
for several others, BA 44, 45, and 47 should be included; for a number of other authors, the 
areas involved are just BA 44 and 45 (e.g., Uylings et al., 1999). Finally, in an attempt to 
refine anatomical exactitude when describing main results, several studies use Talairach or 
MNI 3D coordinates (Price, 2010). This highly precise system nonetheless obliterates the fact 
that fMRI is not as precise as to use these millimetrical coordinates, particularly considering 
the number of processing stages needed for normalization and statistical processing of the 
data. In addition, results in 3D coordinates usually refer to the centroid of an activated 
region regardless of its total size or whether its limits overlap with or surpass the anatomical 
or cytoarchitectonical subdivisions. In the following, we will try to minimize as far as 
possible these current limitations when describing the main results reported in the 
literature, carefully inspecting and contrasting the data reported by the different authors. 
According to some reports, the most ventral part of the pars opercularis, roughly –but not 
solely- coinciding with BA 44, appears involved in verbal (syntactical) working memory 
(Friederici et al., 2006; Price, 2010; Rogalsky et al., 2008). In line with this might also be 
interpreted different results for this area as those by Bornkessel-Schlesewsky et al. (2009) for 
the processing of word-order variations in sentences, or Christensen (2010) and Rodd et al. 
(2010) for garden-path and ambiguous sentences -in which the structure must be reanalyzed 
and reconstructed, or several candidate structures must be kept active during sentence 
processing-. This ventral part of the pars opercularis has further been subdivided into two 
depending on whether the portions belong to BA 44 or to BA 6; the former would be 
involved in phrase structure grammar, the latter in finite state grammar (Friedrici et al., 
2006). The first type of grammar refers to the use of embedded sentences, therefore 
demanding more working memory than the latter, simpler (linear) structures with no 
nesting. Detecting grammatical errors also tap on BA 44 (e.g., Heim et al., 2010), a result 
consistent with a role of this area in syntactic working memory to the extent that the 
detection of errors also increases processing demands. Overall, all these data are in line with 
a syntactic working memory interpretation as a main role of BA 44 (or the anterior ventral 
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pars opercularis). However, if we approach working memory in the sense mentioned above –
i.e., that it consists of the transient activation of circuits devoted to accomplish specific 
operations- then BA 44 might be better seen as containing core circuits for syntactic 
processing determining the hierarchical syntactic structure of a sentence. This would 
harmonize with the variety of different syntactic operations that have been seen to tap on 
this area, as outlined above. In sum, BA 44 seems a central place for syntax in the brain.  
The dorsal portion of the pars opercularis (overlapping with the most superior part of BA 44 
and a portion of BA 9) appears also involved in the processing of syntactic complexity, even 
when working memory is factored out (Makuuchi et al., 2009). In this regard, however, it 
has also been claimed that this cortical region is involved in hierarchical ordering of 
sequences of events regardless of whether they are linguistic or not, as it has been seen to 
sequence (e.g.) colored shapes or nonlinguistic visual symbols (Bahlmann et al., 2009; 
Tettamenti et al., 2009). Its language-specificity, therefore, appears challenged. As we will 
see below, this is also the case for most, if not all of the areas involved in language. 
This is in fact the case of BA 44 or the ventral portion of the pars opercularis described earlier. 
Tactile imagery (Yoo et al., 2003), word and face encoding (Leube et al., 2001), object 
manipulation (Binkofki et al. 1999), smelling familiar odors (Ciumas et al., 2008), or music 
enjoyment (Koelsch et al., 2006), among several others, are tasks in which BA 44 has been 
seen importantly involved. Moreover, and within the frame of language, even the role of BA 
44 as exclusive for syntax processing does not appear to be proved. In this regard, semantic 
and articulatory (phonological) processes have been seen to tap also on this area (see our 
previous section for phonology and the next one for semantics). Possibly, these data might 
be understood if we assume the proposal of a functional gradient along the whole left IFG, 
in which -using Brodmann’s areas as reference, and from left to right- BA 47 and 45 would 
appear mainly involved in semantic unification, BA 45 and 44 in syntactic unification, and 
BA 44 and ventral BA 6 in phonological unification (Hagoort, 2007). Unification is, in the 
end, the main defining purpose of syntactic operations: unify or “put together”, according to 
the hierarchical structure of the sentence, the different constituents of a sentence. As the 
posterior part of BA 44 has been seen involved in articulation/phonology and the anterior 
part in semantics, it might appear that BA 44 is relevant for both phonology and semantics; 
or, rather, for something in between, maybe what we properly call “syntax”. It might also be 
the case –we are here certainly speculating- that what we call syntax is indeed an abstraction 
that actually relies on both phonology and semantics. As can be seen, studying language 
with fMRI gives rise to core questions on the very nature of human language. 
In this regard, the role of BA 45, roughly coinciding with the pars triangularis of the IFG, 
might also appear ambiguous. As has been just-mentioned, it seems involved in analyzing 
the semantic structure of the sentence. Several studies comparing sentences containing 
semantic anomalies with their correct counterparts (Kuperberg et al., 2008), or sentences 
with and without semantic ambiguities (Davis et al., 2007), consistently report activations in 
BA 45. But this area also appears particularly involved in analyzing embedded structures 
(Shetreet et al., 2009), which can be considered as a more genuine syntactic process. In line 
with this, BA 45 has also been seen to support the syntactic constituent structure of the 
sentence, in a study in which syntactic and semantic structures were disentangled (Pallier et 
al., 2011). In this latter study, the activation of BA 45 in pars triangularis spread also to IFG 
pars orbitalis, therefore including BA 47. However, it is a consistent finding the role of BA 47 
in semantic processing (e.g., Binder et al., 2009; see also our section below). In sum, and as 
an eclectic solution, it might be possible that the most posterior part of BA 45 is relatively 
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more syntactic in nature, conforming a somehow unitary system together with part of BA 
44; the anterior part, in turn, would be more semantic, working together with BA 47. 
Overall, the above-mentioned functional gradient within the left IFG might actually be more 
gradual than the labels currently available to describe it (i.e., semantic, syntactic, and 
articulatory/phonological), which might also explain why the ventral portion of BA 6, most 
consistently described as an articulatory/phonological area (it actually belongs to the 
premotor cortex) has also been seen occasionally involved in detecting syntactic errors or 
analyzing syntactically ambiguous sentences (Christensen, 2010; Friederici et al., 2006). The 
picture can be yet more complicated when considering that even language processing at the 
discourse level consistently recruits large portions of the IFG, as we will see below.  
Additionally, a number of studies also support the involvement of other regions apart from 
the IFG in syntactic processing. One of the most consistent findings in this regard is the 
existence of a fronto-temporal network supporting syntactic processing. Whereas the frontal 
pole of this network implies the left IFG, especially in and around BA 44, the temporal 
portion is mainly comprising the left superior temporal gyrus (STG) and superior temporal 
sulcus (STS), most likely excluding primary auditory areas (i.e., BA 41 and 42), and roughly 
corresponding to BA 22 (Christensen, 2010; Rodd et al., 2010). Interestingly, these activations 
may plainly include Wernicke’s area (Shetreet et al., 2009), which is mainly involved in the 
processing of language sounds (see our previous section in this regard). In several studies, 
large (anterior and posterior) portions of BA 22 appear relevant in syntactic processes 
(Friederici, 2002; Rodd et al., 2010).  In other occasions, however, it is only a small portion of 
BA 22 what is involved, such as the posterior portion of the STS (Pallier et al., 2011). Upper 
portions of the middle temporal gyrus (MTG), comprising part of BA 21, have been also 
reported to participate in syntactic processing (Christensen, 2010; Friederici et al., 2006; 
Shetreet et al., 2009). Interestingly, although the main findings are located within the left 
hemisphere, occasional activations in corresponding areas of the right hemisphere are also 
reported. Several studies also report activations in the ventral portion of the supramarginal 
gyrus (SMG, part of BA 40), together with the planum temporale, a posterior portion of BA 22 
(Raettig et al., 2010), although these regions appear more consistently as rather semantic, 
particularly the SMG (Binder et al, 2009). 
 
 
Fig. 2. Approximate locations of the syntactic system 
Finally, still other brain regions have been seen also involved in syntactic processing, 
though less consistently. Among these, we can mention the precuneus (in the medial 
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parietal lobe), small portions of BA 37 (next to BA 22), superior parietal cortex (BA 7), as 
well as the lentiform and the caudate nuclei (e.g., Chistensen, 2010; Friederici et al., 2006; 
Shetreet el al., 2009).  
5. The meaning of language (I) 
Linguistic messages normally tell something about the world and its components (objects, 
persons, places, and so forth). As such, a linguistic message includes words (word-forms 
with their individual semantic contents or meanings) that are combined, usually through 
syntax, rendering a concrete description of their relationships intended to mirror a real 
situation or an idea. Within the brain, indeed, extensive regions of the cerebral cortex appear 
devoted to semantic information processing. This seemingly provides a clue on the 
relationships between language and other cognitive processes. But it also poses some doubts 
on the boundaries between what can be labeled as “linguistic” and “non-linguistic”. It is 
also the case that “semantic” might appear as a rather vague and imprecise term, covering a 
large number of otherwise different processes or operations. In fact, terms as “pragmatic”, 
“conceptual”, as well as several others, often appear next to “semantic” as equivalent or 
corresponding to a somehow unitary system.  
Actually, the meaning of words, one of the main features that the term semantic can refer to, 
can be just about anything in the world. In other words, human languages have words –and, 
then, meanings- for absolutely all (or almost all) things known so far in the world, be they 
real, imagined, or with a large amount of ambiguity and abstraction (e.g., Pinker, 2007). In 
this regard, some authors even think that the so-called “syntactic words” (i.e., complements, 
determiners, suffixes, and so many words or particles with a specific syntactic function) 
have also a meaning to be considered as plainly pertaining to the same semantic system of 
the brain as any other type of content word, such as nouns or verbs. In this line, it could be 
the case that syntactic regions reviewed above might be part of the “semantic” system, but 
only the part preferentially dealing with abstract structural hierarchical relationships 
between a number of items, be they words or whatever. Indeed, it is a plausible scenario 
that syntax words emerged initially as any other, less functional words during the evolution 
of human language (Heine & Kuteva, 2007). 
This said, it should not be surprising that semantic areas have been proposed to occupy 
most of the cerebral cortex. Providentially, Binder et al. (2009) have recently published an 
extensive review of functional neuroimaging studies of semantic processing, in which not 
only strict inclusion criteria were applied but also advanced statistical analyses for 
determining the probability of a given region as belonging to the semantic system. The 
studies included in that review used words as stimuli, so that we can be certain that the 
areas suggested as supporting the semantic system are indeed areas activated by language. 
This note is important because, as we will see, the areas constituting the semantic system are 
actually and for the most part classically considered as heteromodal association areas of the 
neocortex, located both in frontal and posterior regions. They are therefore common to a 
large amount of non-linguistic processes involved in either perception or action. 
Additionally, areas of the limbic system involved in emotional processing are also part of 
the semantic system.  
According to the review by Binder et al. (2009), the semantic system in the brain can be 
subdivided into three main widespread locations. A first one includes large portions of the 
posterior multimodal and heteromodal cortex, namely the angular gyrus (AG, in BA 39), the 
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SMG, and the MTG, including part of the temporal pole (comprising small parts of BA 38 
and 29). Also in the posterior parts of the brain other areas highly involved in semantics are 
basal temporal areas, particularly within the fusiform and parahippocampal gyri 
(comprising portions of BA 20 and 37; mainly high-order visual regions, as we saw for 
reading). A second location of the semantic system comprises portions of the heteromodal 
frontal cortex, namely the upper and –especially- medial portions of BA 8 and part of BA 9. 
Interestingly, BA 8 contains the supplementary motor area (SMA) and has been seen 
involved in a variety of tasks, including motor learning and imagery (Malouin et al., 2003; 
Matsumura et al., 2004), executive functions and planning (Kübler et al., 2006), and even 
speech motor programming (de Waele et al., 2001). On the other hand, BA 9 is also involved 
in executive functions (e.g. Kübler et al., 2006) and, as we will see below, in discourse 
processing. Another frontal heteromodal association area included in the second locus of the 
semantic system is BA 47 in the IFG, an area that was already mentioned in our previous 
section on syntactic processing, its most probable function being related to 
semantic/pragmatic unification. Finally, the third group of areas supporting the semantic 
system according to Binder et al. (2009) includes the posterior cingulate/precuneus region 
and the ventromedial prefrontal cortex. Whereas the former has been seen to be associated 
with emotional processing (Maddock, 1999), it has also been related to visuospatial memory 
and imagery (Burgess, 2008; Epstein et al., 2007), among several other functions, including –
occasionally, as we saw- syntax. Indeed, the role of this area seems rather polyvalent; later 
on, we will see that it is implicated in the semantic analysis of whole sentences and longer 
language emissions (discourses). The ventromedial prefrontal cortex, roughly 
corresponding to BA 11 and other BAs (such as portions of the most ventral parts of BA 10, 
24, 25, and 32), comprising the rostral part of the anterior-ventral cingulate, is linked to 
motivation, emotion, and decision making involving reward (e.g., Ernst et al., 2004), among 
several other functions such as olfaction (Royet et al., 1999). 
It must be remarked that all the regions outlined so far in Binder et al. (2009) as constituting 
the semantic system are mainly and preferentially in the left hemisphere, in consonance 
with the fact that they were circuits activated by words. This in turn harmonizes with the 
left-lateralization of other linguistic functions, such as syntax and phonetics. Overall, it 
seems that the semantic system activated by words largely overlaps with the system used by 
our brain to understand and process, as well as to interact with, the external world. In fact, 
this is what language crucially conveys in the very end. We have seen that words can 
activate association areas involved in action planning, perception, and emotions, and 
certainly the meaning of words ultimately refers to any of these things, or to a combination 
of them. However, it is also possible that the view of the semantic system sketched by 
Binder et al. (2009) is to some extent a restrictive one. Indeed, interactions with the external 
(or internal) reality imply not only heteromodal association areas, but also more primary 
areas. Actually, the brain areas directly supporting body movements or first stages in the 
perceptual processing might also be part of our semantic system. This is the idea endorsed 
by Pulvermüler and colleages (e.g., Pulvermüler, 2010; Pulvermüller, & Fadiga, 2010). An 
overview of fMRI evidences in this regard by these authors (e.g., Boulenger et al., 2009), as 
well as by other groups (e.g., Martin & Chao, 2001; Tomasino et al., 2007) can be 
summarized as supporting that words referring to concepts in which movements or actions 
are crucial (e.g., tools, as well as many verbs), activate cortical areas specifically devoted to 
directly perform those movements or actions. When the words refer to arm movements 
(e.g., “catch”), leg movements (e.g., “run”), or face movements (as any facial expression, like 
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“smile”), they activate corresponding areas for these actions within the primary motor 
cortex (BA 4), also largely respecting its somatotopic organization. The same is the case for 
words referring to specific stimulus features, or in which these features are crucial in their 
definition. Words such as “ellipse” or “red”, or words belonging to semantic categories in 
which visual features prevail (like “animals”), activate visual areas specifically related to the 
processing of those perceptual features. Binder and colleagues, in their 2009 review, mention 
this type of findings, but consider them as secondary, less conspicuous and consistent than 
the other regions substantiating their proposal. It is possible, nonetheless, that the 
participation of these primary regions in the semantic system of the brain is less systematic 
namely because they refer to very specific actions or perceptions, so that only the linguistic 
material referring to these very concrete body features would activate them. This would not 
be the case, however, of the heteromodal and multimodal association areas, the main areas 
according to Binder et al. (2009) review, which by definition would be activated by any 
stimulus of any modality. This depiction is supported in Pulvermüller et al. (2009a).  
By considering the semantic system as composed by both heteromodal and multimodal 
association areas as well as by primary or secondary areas of the perceptual and motor 
systems extends the size of the semantic system and is a very plausible scenario. Under this 
perspective, the semantic system would be substantiated by the cortical circuits involved in 
all of our interactions with the world; the semantic system would be equivalent to our whole 
“world knowledge” system. Part of this knowledge is concrete, but also part of it refers to 
abstractions and relations performed in the heteromodal and multimodal association areas. 
The involvement of limbic regions in the semantic system also fits with this line of 
reasoning, since emotions are also an important part of our world knowledge. Indeed, this 
depiction harmonizes well with recent theories of “embodied language” (e.g., de Vega et al., 
2008), according to which language directly and straightforwardly makes use of the brain 
areas involved in performing or processing what is described in an utterance. Embodied 
language theories contrast with traditional proposals for a more “abstract” code created by 
language (or from which language emerges, in case of production) that can in turn be 
converted into the mental representation of specific perceptions and actions. Both views 
could complement each other, however, if both abstract and “body” codes working 
simultaneously and in cooperation are accepted. The former would be related to 
heteromodal and multimodal association areas, the latter to more primary or secondary 
areas. Indeed, not all that can be uttered can be visualized or executed externally. We can 
also add that there is a noticeable overlap between the most abstract and heteromodal 
portions of the semantic system -i.e., the proposed by Binder et al. (2009)- and part of the 
so-called “human default system”, a rather bilateral network of activations in the human 
brain appearing when the subject is involved in mental tasks other than those linked to 
externally present stimuli or tasks. The fact that the human default system is involved in 
such a variety of mental operations as autobiographical memory, envisioning the future, 
theory of mind, or moral decision making, among many others (for a good review, see 
Buckner et al., 2008), suggests that this system can eventually apply to circumstances that 
can be visualized or externally performed. If we apply the same reasoning as we did 
above for the semantic system, the parallelisms between both systems are more apparent, 
as situations supported by the human default system should also involve the occasional 
recruitment of more primary or secondary perceptual or motor cortical areas in order to 
imagine specific perceptions and actions. This is a very plausible scenario (see, e.g., 
Kosslyn & Thompson, 2003 for fMRI evidence of primary visual areas activated in visual 
imagery).   
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The main purpose of language comprehension is nevertheless not the understanding of 
single words within a given utterance, but rather the specific relationships between those 
words. Helping to determine these relationships is the main role of syntax, which in turn 
contributes to elucidate the semantic structure of the sentence. The latter is a semantic frame 
representing the actual relationships between the different entities (objects, persons, places, 
and so on) mentioned in a sentence. Brain activations related to these combinatorial or 
propositional semantic processes are normally obtained in experiments in which 
grammatically correct but semantically incongruent sentences are compared with semantically 
congruent or plausible sentences. As an example, compare “She spreads the warm bread with 
shoes” and the same sentence ending with “butter” instead. In other occasions, the activations 
produced by normal sentences have been compared with the activations produced by 
sentences composed of pseudowords, or “jabberwocky” sentences, in which a syntactic 
structure can still be determined but -given that pseudowords have no semantic content as 
they are not real words-, no semantic structure can theoretically be extracted. As an example, 
here is a portion of the poem by Lewis Carroll that gave birth to the name of this type of 
paradigm: “Twas brillig, and the slithy toves / Did gyre and gimble in the wabe; / All mimsy were the 
borogoves, /And the mome raths outgrabe”. Overall, the activations observed with these 
experimental paradigms tap on several places within the “more general” or heteromodal 
semantic system for words commented so far. Two of these places locate within the parieto-
temporal junction and the temporal pole (Mashal et al., 2009; Obleser & Kotz, 2010; Pallier et 
al., 2011), that is, two portions within the posterior heteromodal association areas of the system 
used for words. Another portion of the semantic brain system for words that seems also 
importantly involved in the combination of semantic information is the posterior 
cingulate/precuneus (Mashal et al., 2009; Whitney et al., 2009). Finally, an area within the IFG 
belonging to the frontal heteromodal association areas of the semantic system -BA 47, 
eventually spreading to BA 45-, has also been seen implied in combinatorial semantic 
operations (reviewed in Hagoort, 2007). As can be seen, most of these loci have been implied in 
the processing of the semantic content of words; a few of them (BA 45, posterior 
cingulate/precuneus) have been occasionally observed in syntactic operations as well 
(particularly BA 45; see above). Interestingly, several of these regions also play a relevant role 
in discourse processing, as we will see in the next section. 
 
 
Fig. 3. Approximate locations of the semantic system 
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6. The meaning of language (II) 
Human language normally extends beyond sentences, most often consisting of longer 
messages usually known as discourses, narratives, stories, or –simply- texts. The global or 
unitary comprehension of a group of sentences would involve even more associative areas 
than simpler levels, namely because additional processes, known to demand higher levels of 
association, play a relevant role in discourse comprehension. Among these additional 
processes, the most outstanding appear to be the achievement of inferences and pragmatic 
interpretations, obtained by using world-knowledge and discourse context constantly in 
interaction. Finally, according to the so-called “situational models” (Zwaan, 2004), it is also 
assumed that reading or hearing long linguistic messages or discourses conveys, when 
feasible, the recreation of the situation depicted in the text, normally by simulating or 
recreating the events described in the story. Results from the fMRI studies reported so far in 
this topic seem to support this overall depiction. 
Experiments studying text comprehension have been very varied in their designs and 
procedures. In principle, whenever we have two or more sentences, the same processes 
presumably involved in text comprehension should be already in play, as linking two 
sentences would be sufficient to activate inferential and interpretive processes. Accordingly, 
if two sentences, as “The telephone was ringing” and “My brother wanted to tell me the news”, 
are uttered consecutively, one understands that the second is an idea related to the first 
sentence; in this case, that it is my brother who was calling, and that the reason for his call 
was that my brother wanted to tell me something of interest. Without these inferences, 
performed easily and automatically and based on our world-knowledge, the two sentences 
would be just two senseless isolated emissions. A good example of the study of the 
coherence we normally achieve during text comprehension is extracted from Ferstl and von 
Cramon (2001), where coherence was compared with cohesion, that is, the linkage of two 
sentences by means of a cohesive element as “therefore” in the following pair of sentences: 
“Mary’s exam was about to start. Therefore, her palms were sweaty”. These two sentences are 
cohesive, due to the presence of a linking element, as well as coherent, since our world-
knowledge tells us that sweaty palms are a possible consequence of being nervous, the latter 
being a normal consequence of an examination situation. In fact, both sentences are coherent 
even without the cohesive element. Now read the following pair of sentences: “Mary’s exam 
was about to start. Therefore, the pizza arrived”. Even with the cohesive element, these two 
sentences are not coherent; our knowledge of the world cannot help us to infer a possible 
logical link between these two utterances. 
In other occasions, discourse processing has been studied using loosely structured passages 
rendered coherent only by providing a title or an illustration. As a good example, consider a 
portion of a classical ambiguous paragraph from Bransford and Johnson (1972): “A 
newspaper is better than a magazine. The seashore is a better place than the street. At first it is better 
to run than to walk but walking is fine after a while. You may have to try several times, it takes skill 
but it’s easy to learn. Even young children can enjoy it. Once successful there are very few 
complications. Birds seldom get too close. […]”. This paragraph is noticeably better understood -
and remembered- when preceded by the title: “Making and flying a kite”. Comparing the 
processing of this type of paragraphs preceded by the title and the same paragraphs without 
the title would yield, for the former, the activation of brain areas supplying global coherence 
and, for the latter, the attempts to attain it (Martín-Loeches et al., 2008). 
Two recent reviews by Evelyn C. Ferstl and colleagues (Ferstl, 2010; Ferstl et al., 2008) -the 
first one using similar statistical methods as in Binder et al. (2009) for the semantic system- 
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provide an unbeatable account of the topic. Overall, and interestingly, the main results 
suggest that most of the areas supporting discourse comprehension overlap with the 
semantic system activated by words (see above), also comprising regions used as well for 
other more basic linguistic processes. There also exist brain regions specific for discourse 
processing, a remarkable finding that will be discussed later in detail. 
The reviews by Ferstl et al. (2008) and Ferstl (2010) outline a number of results that could –in 
our view- be grouped into four principal regions. One of the most consistent findings 
appears to involve the anterior temporal lobes, bilaterally, particularly the temporal poles. 
As mentioned, this is part of the semantic system for words proposed by Binder et al., 
(2009), and we have seen it is also involved when sentences have to be interpreted 
semantically. Nonetheless, a remarkable particularity is that in discourse processing both 
anterior temporal poles, bilaterally, are involved whereas semantics for words was rather 
left-lateralized. Another distinctiveness is that the area of the anterior temporal poles 
involved in discourse processing is larger than the portion used for words, the former 
spreading ventrally and dorsally covering the whole temporal poles. Accordingly, the 
anterior temporal lobes, and especially the temporal poles, seem crucial for understanding 
the meaning of words, sentences, and paragraphs, seemingly constituting a main hub of the 
semantic system used in language processing. Fertl et al. (2008) propose that a main role for 
this area in propositionalization, the process required for combining words into semantically 
based content units. Together with the temporal poles, discourses seem also to consistently 
activate other region that is also crucial for word and sentence semantics: the parieto-
temporal junction. This is yet a portion of the posterior heteromodal association cortex 
already clustered with the temporal poles when we reviewed sentence semantics.  
A second group of results would comprise the left IFG and STS/STG, spreading to part of 
the MTG. Ferstl et al. (2008) suggest that at least part of this “fronto-temporal network”, 
substantiate language perception, integration, and interpretation. On the other hand, these 
activations are not present in a number of studies, being therefore less consistent than other 
areas contributing to discourse processing. As we have seen earlier, the left IFG seems to 
exhibit a functional gradient in language processing where syntax appears to be central but 
phonological and semantic processes are also importantly present; additionally, the role of 
the STG in syntax analysis is also a consistent finding, but again phonological processes are 
also observed in this region. Accordingly, even if activated during discourse processing, the 
role of these perisylvian areas might be not so specific of longer texts. However, this issue 
may still need further clarification. Recent studies of very slow brain blood flow fluctuations 
(around 0.1 Hz) have shown that regions in the posterior part of the left superior temporal 
sulcus/gyrus are consistently correlated at these frequencies with left IFG, particularly 
within BA 44 or the pars opercularis (Lohman et al., 2010). This type of fluctuations might 
thus reflect processes clearly beyond sentences, in the range of discourse or very large 
language emissions. The role of these very slow fluctuations for overall language 
comprehension is still unknown, but the fact that this fronto-temporal network participates, 
to a larger or a lesser degree, in apparently all the language processes studied so far (even if 
mainly in phonological and syntactic) emerges as a revealing cue to better understand 
human language and its possible evolutionary origins.  
A third group of findings outlined in Ferstl et al. (2008) and Ferstl (2010) reviews relates to 
mid-parietal areas, namely the posterior cingulate/precuneus. Acccordingly, apart from 
participating in syntactic analysis (though very occasionally) and semantics of words and 
sentences, this region appears of relevance for discourse processing. Indeed, this is a very 
consistent finding.  
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The fourth and last region involved in discourse processing comprises the fronto-medial 
prefrontal cortex (dorso-medial and ventromedial prefrontal cortex), including large 
portions of the medial side of BAs 8, 9, 10, and 11. To some degree, all of these areas have 
been mentioned before as mainly implied in the semantic analysis of words. Even though, 
this grouping here is somewhat different. The main divergence is that the system 
comprising these areas for discourse processing complements with substantial additions of 
neural tissue. One addition is the involvement of the entire BA 10, including not only the 
medial parts, but also the lateral parts -even spreading to BA 46-, which was not the case in 
word semantics. The other addition conveys the whole anterior cingulate gyrus (in 
semantics for words, only a very small ventral anterior portion of this gyrus appeared 
involved). The involvement of these additional portions in discourse processing may convey 
important consequences. First, BA 10 is the largest cytoarchitectonic area in the human 
brain, having increased its size substantially during human evolution, as is the case for its 
connections (Semendeferi et al., 2001). Second, most of these connections seem to affect the 
anterior cingulate particularly (Allman et al., 2002), which is another milestone in human 
brain evolution. In fact, the anterior cingulate is so peculiar in the human brain that it is the 
main structure containing a special type of neurons, the spindle or Von Economo cells. Only 
the great apes within the primate order posses this type of neurons  presumably related 
with complex social behaviour, humans exhibiting a disproportionate larger number of 
them (Allman et al., 2011). Third, BA 10 has recently revealed as the single region showing a 
significant effect unique to g, the psychometric construct of general intelligence (Gläscher et 
al., 2010). Consequently, although this is a group of areas directly involved in language 
processing, its language-specificity does not appear evident.   
The same appears to be the case of the posterior cingulate/precuneus region, the third 
group of findings involved in discourse processing. The concrete role of the posterior 
cingulate/precuneus has yet to be elucidated. This region participates in many linguistic 
processes, but also in a number of other non-linguistic operations. As mentioned earlier, it 
appears a certainly polyvalent region, involved in emotion, memory, and imagery; it also 
belongs to the human default system, and it is one of the very few regions connected 
reciprocally with most other cortical regions. Indeed, this part of the brain is one of the main 
hubs of the “human core system”, the anatomical counterpart of the human default system 
(Chudek et al., 2008). On the other hand, the anterior medial regions also involved in 
discourse processing are again largely overlapping with corresponding portions of the 
human default system. This outstanding overlap between brain systems for word semantics 
and, particularly, discourse processing and the human default system has been already 
raised by Binder et al. (2009) and Speer et al. (2009). Ferstl et al. (2008) and Ferstl (2010) 
focused on the similarities of the discourse-processing system and the system supporting 
theory of mind. However, considering that the circuits for theory of mind and the human 
default system have been seen to be largely equivalent (e.g. Buckner et al., 2008), Ferstl and 
colleagues’ suggestion could surely be reworded to imply the default system. Overall, the 
human default system appears to be such a general and abstract-coded system that it can 
apply to a considerable number of situations and circunstances, including word semantics 
and discourse processing in language. Eventually, the recruitment of more primary and 
secondary perceptual or motor areas would also be necessary in order to visualize or 
imagine specific perceptions, actions, or any type of situations outlined in a text. 
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Fig. 4. Approximate locations of the system to process discourse 
7. All together 
Recent developments in brain imaging techniques include brain tractography with MRI, 
which has been promptly used to study human language. Brain tactography can be 
achieved through diffusion tensor and diffusion spectrum techniques. The main difference 
between the two of them depends on the deterministic vs. probabilistic approaches used to 
analyze the movement of water molecules within the main tracts substantiating cortico-cortical 
connections (de Schotten et al., 2011). It must be noted here, however, that the novelty and the 
relative scarcity of studies approaching language with this technique may explain certain 
inconsistencies between studies (for an extensive review, see Friederici, 2009). 
Although it is well known after Karl Wernicke, the relevance for human language of the 
arquate fasciculus (AF) connecting Broca’s and Wernicke’s areas appears largely strengthened 
by tractographic techniques. The data also stress the relevance for language processing of 
other fascicles connecting anterior and posterior brain areas. A detailed description of all 
these connections is also emerging.  
One of the first studies applying tractography to approach language was developed by 
Catani et al. (2005). These authors reported a direct strong connection between Broca’s and 
Wernicke’s areas through the FA, but given the fact that the areas actually connected 
covered a wider territory than the classical Broca’s and Wernicke’s areas (though, as 
shown earlier, the precise limits for these two areas may vary depending on the author), 
Catani and colleagues suggested to call them Broca’s and Wernicke’s territories, 
respectively. Their results also revealed the existence of two additional but indirect 
pathways connecting Broca’s and Wernicke’s territories. One would run laterally, 
consisting of an anterior segment connecting Broca’s territory and the inferior parietal 
cortex. The other would be a posterior segment connecting the inferior parietal cortex 
with Wernicke’s territory. Given the apparent relevance of these two indirect segments, 
and the fact that the inferior parietal cortex appears the main meeting point for these 
indirect connections, Catani et al. (2005) suggested to call this region the Geschwind’s 
territory, in the memory of Norman Geschwind, who already proposed a relevant role of 
the inferior parietal cortex in language. This region largely overlaps with semantic areas 
involved in word and discourse processing, as we have seen. 
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The AF seems to have evolved substantially in the human brain from tiny tracts 
connecting the IFG with the posterior part of BA 22 and the inferior parietal regions, 
already present in the macaque brain. These connections appear more robust and 
abundant in the chimpanzee, thereafter reaching the plainest robustness of the human 
brain (Rilling et al., 2008). Actually, one of the main differences between the human and 
the chimpanzee brains in this regard is the notable expansion of the posterior 
ramifications of the AF, which spread not only to involve Wernicke’s area and 
surrounding parietal regions, but also posterior portions of the MTG. The development of 
these connections, occurring particularly and noticeably within the left hemisphere, seem 
to have played a critical role in the evolution of human language.  
Interestingly, two other tracts connecting anterior and posterior regions seem relevant in 
language processing. One is the superior longitudinal fasciculus (SLF), connecting Broca’s 
area (particularly, BA 44) with the posterior temporal lobe, namely in the STG and the MTG 
and also involving portions of BA 40. As this tract runs parallel to the AF, several authors 
(e.g., Rilling et al., 2008) consider both as representing together a functional unit called the 
dorsal stream. The other connection is more primitive; part of it is actually the most 
developed fronto-temporal connection in the macaque brain and conveys the ventral 
portion of the extreme capsule and the uncinate fasciculus. Through these connections, the 
IFG is connected with the anterior and posterior STG (Frey et al., 2008; Rilling et al., 2008), 
and it is indeed possible that at least part of this ventral stream is preferentially used in 
simpler grammar such as finite-state, relatively accessible to other non-human primates 
(Friederici et al., 2006). 
Finally, there are evidences for an additional number of connections importantly involved in 
language, most of them located locally within the IFG and the STG (Friederici, 2009). 
8. Conclusions 
The moment arrives to summarize and interpret the major milestones that could be 
elucidated from the preceding exposition. In the following, we will also express a number of 
reflections on human language using brain function as a main perspective. 
A first and relatively robust conclusion that can be extracted so far is that the human brain 
contains at least two major “centers of gravity”, or main hubs in the networks devoted to 
language processing. These foci are, on the one hand, the left inferior frontal gyrus (IFG) 
and, on the other, the left superior temporal gyrus (STG), the latter probably spreading to 
the superior temporal sulcus (STS) and posterior portions of the middle temporal gyrus 
(MTG) as well as to some parts of the inferior parietal cortex. Both foci are highly and 
densely interconnected by means of several tracts, the most outstanding one being the 
arquate fasciculus (AF). Most of the primary functions and processes involving these foci are 
seemingly phonological/articulatory and syntactic in nature. These two main hubs are 
located in perisylvian areas and appear critical for human language. Actually, the main loci 
of the cerebral lesions yielding core symptoms highly specific of language are the 
perisylvian areas; the most conspicuous aphasias are usually the consequence of lesions 
affecting either these regions or the AF (e.g., LaPointe, 2011). 
If the depiction in the preceding paragraph can be taken as relatively robust, the same is 
not the case when we attempt to subdivide each hub (IFG and STG). An approximate 
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depiction seems that as we move from more posterior/dorsal regions to more 
anterior/ventral in the left IFG, a gradient of activations can be found to be specifically 
involved (in this order) in phonology/articulation, syntax, and semantics. A similar 
gradient could be found in the STG when moving from the primary auditory association 
areas in or around Hesch’s gyrus, spreading widely to both anterior and posterior regions 
in the STG, probably covering also parts of the inferior parietal cortex. In the latter case, 
the gradient seems to cover, following this order, phonology/articulation and syntax. If 
we want to expand these functions to semantic processes, then STS and at least several 
portions of the MTG should be included. 
From there, the system spreads to notably many other brain regions, comprising, 
posteriorly, large portions of the whole temporal lobes, including the temporal poles and 
part of the basal regions, as well as significant portions of the parietal cortex. Frontally, the 
system spreads to more anterior regions, including large extensions of the prefrontal cortex; 
among them, an area showing the most substantial increase in size in humans when 
compared to other primates and importantly involved in general intelligence. Significant 
medial regions, both in the prefrontal cortex and in the parietal cortex, are also included in 
this system. This extended language network (using an expression coined by Ferstl et al., 2008) 
largely overlaps with the human default system, a bilateral network in the human brain active 
when we are involved in “internal” mental tasks. If the linguistic message implies the 
visualization or representation of a given situation, then the corresponding primary or 
secondary areas of the neocortex can be activated, either motor or perceptual.  
The system can therefore be viewed as a continuous flux of information spreading from 
perisylvian areas toward multiple, distant areas. In turn, it also seems that the limits 
between linguistic and non-linguistic processes within this system appear blurred. An 
overall rule seems to be that the closer we move toward the sylvian fissure, the more 
specifically linguistic the process is. But even in this case (as we have seen), these regions are 
not exclusively linguistic.  
Finally, that the flux of information spreads from perisylvian areas toward extensive 
regions of the cerebral cortex (actually, nearly all portions of the cortex appear susceptible 
of being involved) does not necessarily mean that this spreading strictly follows a 
temporal (sequential) order. Actually, brain networks continuously fire at different 
frequencies (e.g., Buzsáki, 2006), and it is plausible that information fluxes continuously in 
a reciprocal way and almost simultaneously between perysilvian and more distant areas. 
This would be a possible underlying mechanism explaining the large number of mutual 
influences from one structural layer of language (phonology, syntax, and semantics) to 
each other, as reported in the literature (e.g., Pulvermüller et al., 2009b). Indeed, 
considering that there are about 10.000 connections per neuron in the cerebral cortex, 
firing up to 1.000 times per second and therefore performing a comparable number of 
calculations (Previc, 2009), a parallel or at least cascade mode of operation of the whole 
(extended) language network emerges as a very plausible picture. On the other hand, the 
centrality of auditory/verbal (i.e., phonological/articulatory) information in human 
language would be consistent with the position of the two main hubs involved in 
language processing and the direction of the information flux spreading from them as 
primary receptors of language information to widespread areas, even if the overall 
processes largely unfold in parallel.  
www.intechopen.com
 




The authors are funded by grant PSI2010-19619 from Ministerio de Ciencia e Innovacion, 
Spain (MICINN). 
10. References 
Allman, J., Hakeem, A. & Watson, K., (2002). Two Phylogenetic Specializations in the 
Human Brain. Neuroscientist, Vol. 8, No. 4, (August 2002), pp. 335-346, ISSN 1073-
8584. 
Allman, J.M.; Tetreault, N.A.; Hakeem, A.Y. & Park, S. (2011). The Von Economo Neurons in 
Apes and hHumans. American Journal of Human Biology, Vol. 23, No. 1, (January 
2011), pp. 5-21, ISSN 1520-6300. 
Bahlmann,J.; Schubotz,R.I.; Mueller,J.L.; Koester,D. & Friederici,A.D. (2009). Neural Circuits 
of Hierarchical Visuo-Spatial Sequence Processing. Brain Research, Vol. 1298, 
(November 200), pp. 161-170, ISSN 1872-6240. 
Binder,J.R.; Desai,R.H.; Graves,W.W. & Conant,L.L. (2009). Where is the Semantic 
System? A Critical Review and Meta-Analysis of 120 Functional Neuroimaging 
Studies. Cerebral Cortex, Vol., 19, No. 12, (December 2009), pp. 2767-2796, ISSN 
1460-2199. 
Binkofski, F.; Buccino, G.; Stephan, K.M.; Rizzolatti, G.; Seitz, R.J. & Freund, H.J. (1999). A 
Parieto-Premotor Network for Object Manipulation: Evidence from Neuroimaging. 
Experimental Brain Research, Vol. 128, No. 1-2, (September 1999), pp. 210-213, ISSN 
0014-4819. 
Bookheimer, S., Zeffiro, T., Blaxton, T., Gaillard, W. & Theodore, W. (1995). Regional 
Cerebral Blood Flow Changes During Object Naming and Word Reading. Human 
Brain Mapping, Vol. 3, No. 2, (April 1995), pp. 93-106, ISSN 1097-0193. 
Bornkessel-Schlesewsky, I.; Schlesewsky, M. & von Cramon, D. Yves (2009). Word order and 
Broca's region: Evidence for a Supra-Syntactic Perspective. Brain and Language, Vol. 
11, No. 3, (December 2009), pp. 1255-139, ISSN 1090-2155. 
Boulenger, V.; Hauk, O. & Pulvermüller, F. (2009). Grasping Ideas with the Motor System: 
Semantic Somatotopy in Idiom Comprehension. Cerebral Cortex, Vol. 19, No. 8, 
(August 2009), pp. 1905-1914, ISSN 1047-3211. 
Bozic,M.; Tyler,L.K.; Ives,D.T.; Randall,B. & Marslen-Wilson,W.D. (2010). Bihemispheric 
Foundations for Human Speech Comprehension. Proceedings of the National Academy 
of Sciences USA, Vol. 107, No. 40, (November 2010), pp. 2458-2473, ISSN 17439-
17444. 
Bransford, J.D. & Johnson, M.K. (1972). Contextual Prerequisites for Understanding: 
Some Investigations on Comprehension and Recall. Journal of Verbal Learning 
and Verbal Behavior, Vol. 11, No. 6, (December 1972), pp. 717-726, ISSN 0749-
596X. 
Brodmann, K. (1909/1994) Localisation in the Cerebral Cortex, Smith-Gordon, ISBN 1-85463-
028-8, London, UK. 
www.intechopen.com
 
Neuroimaging – Cognitive and Clinical Neuroscience 
 
88
Buckner, R.L., Andrews-Hanna, J.R., & Schacter, D.L. (2008). The Brain's Default Network: 
Anatomy, Function, and Relevance to Disease. Annals of the New York Academy of 
Sciences, Vol. 1124, (March 2008), pp. 1-38, ISSN 0077-8923. 
Burgess, N. (2008). Spatial Cognition and the Brain. Annals of the New York Academy of 
Sciences, Vol. 1124, (March 2008), pp. 77-97, ISSN 0077-8923. 
Buzsáki, G. (2006). Rhythms of the Brain. Oxford University Press, ISBN: 978-0-19-530106-9, 
New York, USA. 
Catani,M.; Jones,D.K. & ffytche,D.H. (2005). Perisylvian Language Networks of the 
Human Brain. Annals of Neurology, Vol. 57, No. 1, (January 2005), pp. 8-16, ISSN 
0364-5134. 
Christensen, K.R (2010). Syntactic Reconstruction and Reanalysis, Semantic Dead Ends, and 
Prefrontal Cortex. Brain and Cognition, Vol. 73, No., 1, (June 2010), pp. 41-50, ISSN 
1090-2147. 
Ciumas, C.; Lindström, P.; Aoun, B.; Savic, I. (2008) Imaging of Odor Perception 
Delineates Functional Disintegration of the Limbic Circuits in Mesial Temporal 
Lobe Epilepsy. Neuroimage, Vol. 39, No. 2, (January 2008), pp. 578-592, ISSN 
10538119. 
Cohen, L.; Jobert, A.; Le Bihan, D. & Dehaene, S. (2004) Distinct Unimodal and Crossmodal 
Regions for Word Processing in the Left Temporal Cortex. NeuroImage, Vol. 23, No. 
4, (December 2004), pp. 1256-1270, ISSN 1053-8119. 
Davis, M.H.; Coleman, M.R.; Absalom, A.R.; Rodd, J.M.; Johnsrude, I.S.; Matta, B.F.; Owen, 
A.M. & Menon, D.K. (2007). Dissociating Speech Perception and Comprehension at 
Reduced Levels of Awareness. Proceedings of the National Academie of Science USA, 
Vol. 104, No. 41, (October 2007), pp. 16032-16037, ISSN 0077-8923. 
de Schotten, M.T.; ffytche, D.H.; Bizzi, A.; Dell'Acqua, F.; Allin, M.; Walshe, M.; Murray, R.; 
Williams, S.C.; Murphy, D.G.M. & Catani, M.  (2011) Atlasing Location, Asymmetry 
and Inter-Subject Variability of White Matter Tracts in the Human Brain with MR 
Diffusion Tractography. NeuroImage, Vol. 54, No. 1, (January 2011), pp 49-59, ISSN 
1053-8119. 
de Vega, M.; Glenberg, A.M.; Graesser, A.C. (2008) Symbols and Embodiment. Debates on 
Meaning and Cognition. Oxford University Press, ISBN 978-0-19-921727-4, Oxford, 
UK. 
de Waele, C.; Baudonnière, P.M.; Lepecq, J.C.; Tran Ba Huy, P. & Vidal, P.P. (2001). 
Vestibular Projections in the Human Cortex. Experimental Brain Research, Vol. 141, 
No. 4, (December 2001), pp. 541-551, ISSN 0014-4819.  
Dehaene, S. (2009). Reading in the Brain. Penguin Viking, ISBN 978-0-670-02110-9, New York, 
USA. 
Dehaene, S., Le Clec'H, G., Poline, J.B., Le Bihan, D. & Cohen, L. (2002). The Visual Word 
Form Area: A Prelexical Representation of Visual Words in the Fusiform Gyrus. 
NeuroReport, Vol. 13, No. 3, (March 2002), 321–325, ISSN 0959-4965. 
Démonet, J.F.; Chollet, F.; Ramsay, S., Cardebat, D.; Nespoulous, J.L.; Wise, R.; Rascol, A. & 
Frackowiak, R. (1992). The Anatomy of Phonological and Semantic Processing in 




Functional and Structural Magnetic Resonance Imaging of Human Language: A Review 
 
89 
Epstein, R.A.; Parker, W.E. & Feiler, A.M. (2007). Where Am I Now? Distinct Roles for 
Parahippocampal and Retrosplenial Cortices in Place Recognition. Journal of 
Neuroscience, Vol. 27, No. 23, (June 2007), pp. 6141-61149, ISSN 1529-2401. 
Ernst, M., Nelson, E.E.; McClure, E.B.; Monk, C.S.; Munson, S.; Eshel, N.; Zarahn, E.; 
Leibenluft, E.; Zametkin, A.; Towbin, K.; Blair, J.; Charney, D. & Pine, D.S. (2004). 
Choice Selection and Reward Anticipation: An fMRI Study. Neuropsychologia, Vol. 
42, No. 12, (December 2004), pp. 1585-1597, ISSN 0028-3932.  
Ferstl, E.C. (2010). Neuroimaging of Text Comprehension: Where are We Now? Italian 
Journal of Linguistics, Vol. 22, Vol. 1, pp. 61-88, ISSN N/A. 
Ferstl,E.C. & von Cramon,D.Y. (2001). The Role of Coherence and Cohesion in Text 
Comprehension: An Event-Related fMRI Study. Cognitive Brain Research, Vol. 11, 
No. 3, (June 2001), pp. 325-340, ISSN 0926-6410. 
Ferstl,E.C.; Neumann,J.; Bogler,C. & von Cramon,D.Y. (2008). The Extended Language 
Network: A Meta-Analysis of Neuroimaging Studies on Text Comprehension. 
Human Brain Mapping, Vol. 29, No. 5, (May 2008), pp. 581-593, ISSN 1097-0193. 
Frey,S.; Campbell,J.S.; Pike,G.B. & Petrides,M. (2008). Dissociating the Human 
Language Pathways with High Angular Resolution Diffusion Fiber 
Tractography. Journal of Neuroscience, Vol. 28, No. 45, (November 2008), pp. 
11435-11444, ISSN 1529-2401. 
Friederici, A.D.; Kotz, S.A.; Scott, S.K. & Obleser, J. (2009). Disentangling Syntax and 
Intelligibility in Auditory Language Comprehension. Human Brain Mapping, Vol. 
31, No. 3, (March 2009), pp. 448-457, ISSN 1097-0193. 
Friederici,A.D. (2002). Towards a Neural Basis of Auditory Sentence Processing. Trends in 
Cognitive Sciences, Vol. 6, No. 2, (February 2002), pp. 78-84, ISSN 1879-307X. 
Friederici,A.D. (2009). Pathways to language: fiber tracts in the human brain. Trends in 
Cognitive Sciences, Vol. 13, No. 4, (April 2009), pp. 175-181, ISSN 1879-307X. 
Friederici,A.D.; Bahlmann,J.; Heim,S.; Schubotz,R.I. & Anwander,A. (2006). The Brain 
Differentiates Human and Non-Human Grammars: Functional Localization and 
Structural Connectivity. Proceedings of the National Academy of Sciences USA, Vol. 
103, No. 7, (February 2006), pp. 2458-2473, ISSN 1091-6490. 
Fuster, J.M. (1999). Memory in the Cerebral Cortex: An Empirical Approach to Neural Networks in 
the Human and Nonhuman Primate. The MIT Press, ISBN: 978-0262561242, 
Cambridge, MA, USA. 
Gläscher, J.; Rudrau, D.; Colom, R.; Paula, L. K.; Tranel, D.; Damasio, H. & Adolphs, R. 
(2010) Distributed Neural System for General Intelligence Revealed by Lesion 
Mapping. Proceedings of the National Academie of Science USA, Vol. 107, No. 10, 
(February 2010), pp. 4705–4709, ISSN 0077-8923. 
Gray, H. (1918/2000) Anatomy of the Human Body. Lea & Febiger, Philadelphia, USA, 
Available from http.//www.bartleby.com. 
Hagmann, P.; Cammoun, L.; Gigandet, X.; Meuli, R.; Honey, C.J., Wedeen. V.J. & 
Sporns, O. (2008). Mapping the Structural Core of Human Cerebral Cortex. 




Neuroimaging – Cognitive and Clinical Neuroscience 
 
90
Hagoort, P. (2007). The Memory, Unification, and Control (MUC) Model of Language. In: 
Automaticity and control in language processing, A. S. Meyer, L. Wheeldon & A. Krott 
(Eds.), pp. 243-270, Psychology Press, 0-203-96851-4, Hove, UK. 
Hauser,M.D.; Chomsky,N.; Fitch,W.T. (2002) The Faculty of Language: What Is It, Who Has 
It, and How Did It Evolve? Science, Vol., 298, No. 5598, (November 2002), pp. 1569-
1579, ISSN 0036-8075. 
Heim, S.; van Ermingen, M.; Huber, W. & Amunts, K. (2010). Left Cytoarchitectonic BA 44 
Processes Syntactic Gender Violations in Determiner Phrases. Human Brain 
Mapping, Vol. 31, No. 10, (October 2010), pp. 1532–1541, ISSN: 1097-0193. 
Heine, B. & Kuteva, T. (2007) The Genesis of Grammar. A Reconstruction. Oxford University 
Press, ISBN 978-0-19-922777-8, Oxford, UK. 
Jackendoff, R. (2002). Foundations of Language: Brain, Meaning, Grammar, Evolution. Oxford 
University Press, ISBN 978-0198270126, New York, USA. 
Koelsch, S.; Schulze, K.; Sammler, D.; Fritz, T.; Muller, K. & Gruber, O. (2009). Functional 
Architecture of Verbal and Tonal Working Memory: An fMRI Study. Human Brain 
Mapping, Vol. 30, No. 3, (March 2009), pp. 859-873, ISSN 1097-0193. 
Koelsch, S; Fritz, T.; Von Cramon, D.Y.; Müller, K. & Friederici, A.D. (2006) Investigating 
Emotion with Music: An fMRI Study. Human Brain Mapping, Vol. 27, No. 3, (March 
2006), pp. 239-250, ISSN: 1097-0193. 
Kosslym, S.M. & Thompson, W.L. (2003). When Is Early Visual Cortex Activated During 
Visual Mental Imagery? Psychological Bulletin, Vol. 129, No. 5, (September 2003), pp. 
723–746, ISSN 0033-2909. 
Kotz,S.A.; Schwartze,M. (2010). Cortical Speech Processing Unplugged: a Timely Subcortico-
Cortical Framework. Trends in Cognitive Sciences, Vol. 14, No. 9, (September 2010), 
pp. 392-399, ISSN 1879-307X. 
Kübler, A.; Dixon, V. & Garavan, H. (2006). Automaticity and Reestablishment of Executive 
Control - An fMRI Study. Journal Cognitive Neuroscience, Vol. 18, No. 8, (August 
2006), pp. 1331-1342, ISSN 0898-929X. 
Kuperberg, G.R.; Sitnikova, T.; Lakshmanan, B.M. (2008). Neuroanatomical Distinctions 
within the Semantic System During Sentence Comprehension: Evidence from 
Functional Magnetic Resonance Imaging. Neuroimage, Vol. 40, No. 1, (March 2008), 
pp. 367-388, ISSN 10538119. 
LaPointe, L.  (2011). Aphasia and Related Neurogenic Language Disorders, 4th edition, Thieme, 
ISBN 978-1604062618, Stuttgart, Germany. 
Leff,A.P.; Iverson,P.; Schofield,T.M.; Kilner,J.M.; Crinion,J.T.; Friston,K.J. & Price,C.J. 
(2009). Vowel-Specific Mismatch Responses in the Anterior Superior Temporal 
Gyrus: An fMRI Study. Cortex, Vol., 45, No. 4, (April 2009), pp 517-526, ISSN 
0010-9452. 
Leube, D.T.; Erb, M.; Grodd, W.; Bartels, M.; Kircher, T.T. (2001). Differential Activation in 
Parahippocampal and Prefrontal Cortex During Word and Face Encoding Tasks. 
Neuroreport, Vol. 12, No. 12, (August 2001), pp. 2773-7, ISSN 1460-9568. 
Lieberman, P. (2000). Human Language and Our Reptilian Brain. Harvard University Press, 
ISBN 0674002265, Cambridge, MA, USA. 
www.intechopen.com
 
Functional and Structural Magnetic Resonance Imaging of Human Language: A Review 
 
91 
Lohmann, G.; Hoehl, S.; Brauer, J.; Danielmeier, C.; Bornkessel-Schlesewsky, I.; Bahlmann, J.; 
Turner, R. & Friederici, A. (2010) Setting the Frame: The Human Brain Activates a 
Basic Low-Frequency Network for Language Processing. Cerebral Cortex, Vol. 20, 
No. 6, (September 2010), pp. 1286-1292, ISSN 1047-3211. 
MacDonald, M.C. & Christiansen, M.H. (2002). Reassessing Working Memory: Comment on 
Just and Carpenter (1992) and Waters and Caplan (1996). Psychological Review, 109, 
Vol.  1, (January 2002), pp. 35-54, ISSN 0033295X. 
Maddock, R.J. (1999) The Retrosplenial Cortex and Emotion: New Insights from Functional 
Neuroimaging of the Human Brain. Trends in Neurosciences, Vol. 22, No. 7, (July 
1999), pp. 310-316, ISSN 0166-2236. 
Makuuchi, M.; Bahlmann, A.; Anwander, A. & Friederici, A.D. (2009). Segregating the Core 
Computational Faculty of Human Language from Working Memory. Proceedings of 
the National Academy of Sciences USA, Vol. 106, No. 20, (May 2009), pp. 8362-8367, 
ISSN 1091-6490. 
Malouin, F.; Richards, C.L.; Jackson, P.L.; Dumas, F. & Doyon, J. (2003). Brain Activations 
During Motor Imagery of Locomotor-Related Tasks: A PET Study. Human Brain 
Mapping, Vol. 19, No. 1, (May 2003), pp. 47-62, ISSN 1097-0193. 
Martin,A. & Chao,L.L. (2001). Semantic Memory and the Brain: Structure and Processes. 
Current Opinion in Neurobiology, Vol. 11, No. 2, (April 2001), pp. 194-201, ISSN 0959-
4388. 
Martin-Loeches,M.; Casado,P.; Hernandez-Tamames,J.A. & Alvarez-Linera,J. (2008). Brain 
Activation in Discourse Comprehension: A 3t fMRI Study. NuroImage, Vol. 41, No. 
2, (June 2008), pp. 614-622, ISSN 1095-9572. 
Mashal,N.; Faust,M.; Hendler,T. & Jung-Beeman,M. (2009). An fMRI Study of Processing 
Novel Metaphoric Sentences. Laterality, Vol. 14, No. 1, (January 2009), pp. 30–54, 
ISSN 1464-0678. 
Matsumura, M.; Sadato, N.; Kochiyama, T.; Nakamura, S.; Naito, E.; Matsunami, K; 
Kawashima, R.; Fukuda, H. & Yonekura, Y. (2004). Role of the Cerebellum in 
Implicit Motor Skill Learning: A PET Study. Brain Research Bulletin, Vol. 63, No. 6, 
(July 2004), pp. 471-83, ISSN 0361-9230. 
Meltzer,J.A.; McArdle,J.J.; Schafer,R.J. & Braun,A.R. (2010). Neural Aspects of Sentence 
Comprehension: Syntactic Complexity, Reversibility, and Reanalysis. Cerebral 
Cortex, Vol. 20, No. 8, (August 2010), pp. 1853-1864. 
Mesulam, M.M. (1998). From Sensation to Cognition. Brain, Vol. 121, No. 6, (June 1998), pp. 
1013–1052, ISSN 0006-8950.  
Meyer,M.; Steinhauer,K.; Alter,K.; Friederici,A.D. & von Cramon,D.Y. (2004). Brain Activity 
Varies with Modulation of Dynamic Pitch Variance in Sentence Melody. Brain and 
Language, Vol. 89, No. 2, (May 2004), pp. 277-289, ISSN 0093-934X. 
Newman, S.D.; Lee, D. & Ratliff, K.L. (2009). Off-Line Sentence Processing: What Is Involved 
in Answering a Comprehension Probe? Human Brain Mapping, Vol. 30, No. 8, 
(August 2009), pp. 2499-2511, ISSN 1097-0193. 
Obleser, J. & Kotz, S.A. (2010). Expectancy Constraints in Degraded Speech Modulate the 
Language Comprehension Network. Cerebral Cortex, Vol. 20, No. 3, (March 2010), 
pp. 633-640, ISSN 1047-3211. 
www.intechopen.com
 
Neuroimaging – Cognitive and Clinical Neuroscience 
 
92
Pallier,C.; Devauchelle,A.D.; Dehaene,S. (2011). Cortical Representation of the Constituent 
Structure of Sentences. Proceedings of the National Academy of Sciences USA, Vol. 108, 
No. 6, (February 2011), pp. 2522-2527, ISSN 17439-17444. 
Pinker, S. (2007). The Stuff of Thought, Penguin, ISBN 978-0-670-06327-7, New York, USA. 
Previc, F.H. (2009) The dopaminergic mind in human evolution and history, Cambridge 
University Press, ISBN 978-0-521-51699-0, Cambridge, UK. 
Price, C.J. (2000). The Anatomy of Language: Contributions from Functional Neuroimaging. 
Journal of Anatomy, Vol. 197, No. 3, (October 2000), pp. 335-359, ISSN 1469-7580. 
Price, C.J. (2010). The Anatomy of Language: A Review of 100 fMRI Studies Published in 
2009. Annals of the New York Academy of Sciences, Vol. 1191, (December 2010), pp. 62-
88, ISSN 0077-8923. 
Price, C.J.; Winterburn, D.; Giraud, A. L.; Moore, C. J. & Noppeney, U. (2003). Cortical 
Localisation of the Visual and Auditory Word Form Areas: A Reconsideration of 
The Evidence. Brain and Language, Vol. 86, No. 2, (August 2003), Pages 272-286, 
ISSN 0093-934X. 
Pulvermüller, F. & Fadiga, L. (2010). Active Perception: Sensorimotor Circuits as a Cortical 
Basis for Language. Nature Reviews Neuroscience, Vol. 11, No. 5, (May 2010), pp. 351-
360, ISSN 1471-0048. 
Pulvermüller, F. (2010). Brain Embodiment of Syntax and Grammar: Discrete Combinatorial 
Mechanisms Spelt Out in Neuronal Circuits. Brain and Language, Vol. 112, No. 3, 
(March 2010), pp. 167-179, ISSN 0093-934X. 
Pulvermüller, F.; Kherif, F.; Hauk, O.; Mohr, B. & Nimmo-Smith, I. (2009a). Distributed Cell 
Assemblies for General Lexical and Category-Specific Semantic Processing as 
Revealed by fMRI Cluster Analysis. Human Brain Mapping, Vol. 30, No. 12, 
(December 2009), pp. 3837–3850, ISSN 1097-0193. 
Pulvermuller, F.; Shtyrov, Y. & Hauk, O. (2009b) Understanding in an Instant: 
Neurophysiological Evidence for Mechanistic Language Circuits in the Brain. Brain 
and Language, Vol. 110, No. 2, (August 2009), pp. 81-94 ISSN 0093-934X. 
Raettig, T.; Frisch, S.; Friederici, A.D. & Kotz, S.A. (2010). Neural Correlates of 
Morphosyntactic and Verb-Argument Structure Processing: An EfMRI Study. 
Cortex, Vol., 46, No.5, (May 2010), pp 613-620, ISSN 0010-9452. 
Rilling,J.K.; Glasser,M.F.; Preuss,T.M.; Ma,X.; Zhao,T.; Hu,X.& Behrens,T.E. (2008). The 
Evolution of the Arcuate Fasciculus Revealed with Comparative DTI. Nature 
Neuroscience, Vol. 11, No. 4, (April 2008), pp. 426-428, ISBN 1097-6256. 
Rizzolatti, G. & Craighero, L. (2004). The Mirror-Neuron System. Annual Review of 
Neuroscience, Vol. 27, (July 2004), pp. 169–192, ISSN 0147-006X. 
Rodd, J.M.; Longe, O.A.; Randall, B.; Tyler, L.K. (2010). The Functional Organisation of the 
Fronto-Temporal Language System: Evidence from Syntactic and Semantic 
Ambiguity. Neuropsychologia, Vol. 48, No. 5, (April 2010), pp. 1324-1335, ISSN 1873-
3514. 
Rogalsky, C.; Matchin W.; Hickok, G. (2008). Broca’s Area, Sentence Comprehension, and 
Working Memory: An fMRI Study. Frontiers in Human Neuroscience,  Vol. 2, Art. 14, 
(October 2008), doi: 10.3389/neuro.09.014.2008, ISSN 1662-5161. 
www.intechopen.com
 
Functional and Structural Magnetic Resonance Imaging of Human Language: A Review 
 
93 
Royet, J.P.; Koenig, O.; Gregoire, M.C.; Cinotti, L.; Lavenne, F.; Le Bars, D.; Costes, N.; 
Vigouroux, M.; Farget, V.; Sicard, G.; Holley, A.; Mauguière, F.; Comar, D. & 
Froment, J.C. (1999). Functional Anatomy of Perceptual and Semantic Processing 
for Odors. Journal Cognitive Neuroscience, Vol. 11, No. 1, (January 1999), pp. 94-109, 
ISSN 0898-929X. 
Schon,D.; Gordon,R.; Campagne,A.; Magne,C.; Astesano,C.; Anton,J.L. & Besson,M. (2010). 
Similar Cerebral Networks in Language, Music and Song Perception. NuroImage, 
Vol. 51, No. 1, (May 2010), pp. 450-461, ISSN 1095-9572. 
Semendeferi, K.; Armstrong, E.; Schleicher, A.; Zilles, K.; Van Hoesen, G.W. (2001). 
Prefrontal Cortex in Humans and Apes: A Comparative Study of Area 10. American 
Journal of Physical Anthropology, Vol. 114, No. 3, (March 2001), pp. 224-41, ISSN 1096-
8644. 
Shetreet,E.; Friedmann,N. & Hadar,U. (2009). An fMRI study of syntactic layers: sentential 
and lexical aspects of embedding. NuroImage, Vol. 48, No. 4, (December 2009), pp. 
707-716, ISSN 1095-9572. 
Snedeker, J. (2008). Effects of Prosodic and Lexical Constraints on Parsing in Young 
Children (and Adults). Journal of Memory and Language, Vol. 58, No. 2, (February 
2008), pp. 574-608, ISSN 1096-0821. 
Specht,K.; Osnes,B.; Hugdahl,K. (2009). Detection of Differential Speech-Specific Processes 
in the Temporal Lobe Using fMRI and a Dynamic "Sound Morphing" Technique. 
Human Brain Mapping, Vol. 30, No. 10, (October 2009), pp. 3436–3444, ISSN: 1097-
0193. 
Speer, N.S.; Reynolds, J.R.; Swallow, K.M. & Zacks, J.M. (2009). Reading Stories Activates 
Neural Representations of Visual and Motor Experiences. Psychological Science, Vol. 
20, No. 8, (August 2009), pp 989-999, ISSN 0956-7976. 
Tettamenti, M.; Rotondi, I. & Perani, D. (2009) Syntax Without Language: Neurobiological 
Evidence for Cross-Domain Syntactic Computations. Cortex, Vol. 45, No. 7, (July 
2009), pp. 825-838, ISSN 0010-9452. 
Tomasino, B.; Werner, C.J.; Weiss, P.H. & Fink, G.R. (2007). Stimulus Properties Matter 
More than Perspective: An fMRI Study of Mental Imagery and Silent Reading 
of Action Phrases. Neuroimage, Vol. 36, Suppl. 2, (May 2007), pp. T128– 141, 
ISSN 10538119. 
Uylings, H.B.M.; Malofeeva, L.I.; Bogolepova. I.N.; Amunts, K. & Zilles, K. (1999). Broca's 
Language Area From a Neuroanatomical and Developmental Perspective. In: The 
Neurocognition of Language. C A.T. Brown & P. Hagoort (Eds.), 319-336, Oxford, 
ISBN 9780198507932, Oxford University Press. 
Whitney,C.; Huber,W.; Klann,J.; Weis,S.; Krach,S. & Kircher,T. (2009). Neural Correlates of 
Narrative Shifts During Auditory Story Comprehension. NeuroImage, Vol. 47, No. 1, 
(August 2009), pp. 360–366, ISSN 1095-9572. 
Wise, R.J.S.; Scott, S.K.; Blank, C.; Mummery, C.J.; Murphy, K.; Warburton, E.A. (2001). 
Separate Neural Subsystems Within `Wernicke's Area'. Brain, Vol. 124, No. 1, 
(January 2001), pp. 83-95, ISSN 0006-8950. 
www.intechopen.com
 
Neuroimaging – Cognitive and Clinical Neuroscience 
 
94
Yoo, S.S.; Freeman, D.K.; McCarthy, J.J. 3rd; Jolesz, F.A. (2003). Neural Substrates of Tactile 
Imagery: A Functional MRI Study. Neuroreport, Vol. 14, No. 4, (March 2003), pp. 
581-585, ISSN 0959-4965. 
Zwaan, R.A. (2004). The Immersed Experiencer: Toward an Embodied Theory of Language 
Comprehension. In: The Psychology of Learning and Motivation, Vol. 44, B.H. Ross 
(Ed.), 35-62, Academic Press, ISBN 0-12-543344-1, San Diego, USA. 
www.intechopen.com
Neuroimaging - Cognitive and Clinical Neuroscience
Edited by Prof. Peter Bright
ISBN 978-953-51-0606-7
Hard cover, 462 pages
Publisher InTech
Published online 16, May, 2012
Published in print edition May, 2012
InTech Europe
University Campus STeP Ri 
Slavka Krautzeka 83/A 
51000 Rijeka, Croatia 
Phone: +385 (51) 770 447 
Fax: +385 (51) 686 166
www.intechopen.com
InTech China
Unit 405, Office Block, Hotel Equatorial Shanghai 
No.65, Yan An Road (West), Shanghai, 200040, China 
Phone: +86-21-62489820 
Fax: +86-21-62489821
The rate of technological progress is encouraging increasingly sophisticated lines of enquiry in cognitive
neuroscience and shows no sign of slowing down in the foreseeable future. Nevertheless, it is unlikely that
even the strongest advocates of the cognitive neuroscience approach would maintain that advances in
cognitive theory have kept in step with methods-based developments. There are several candidate reasons for
the failure of neuroimaging studies to convincingly resolve many of the most important theoretical debates in
the literature. For example, a significant proportion of published functional magnetic resonance imaging (fMRI)
studies are not well grounded in cognitive theory, and this represents a step away from the traditional
approach in experimental psychology of methodically and systematically building on (or chipping away at)
existing theoretical models using tried and tested methods. Unless the experimental study design is set up
within a clearly defined theoretical framework, any inferences that are drawn are unlikely to be accepted as
anything other than speculative. A second, more fundamental issue is whether neuroimaging data alone can
address how cognitive functions operate (far more interesting to the cognitive scientist than establishing the
neuroanatomical coordinates of a given function - the where question).
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